Key Points:
Introduction

36
Large-scale oceanic oxygen loss has been observed over the past half-century [Ito 37 et al., 2017; Schmidtko et al., 2017] and is predicted to continue in response to anthropogenic 38 climate change [Sarmiento et al., 1998; Bopp et al., 2002] . Such oxygen loss can alter ocean 39 ecosystem structure [Deutsch et al., 2015] and fisheries [Stramma et al., 2011] . Another im- 
51
The evolution of the oxygen budget is typically thought to be governed by the sum of to a doubling of atmospheric CO 2 [Galbraith et al., 2015] . Thus, this model provides an ad-115 equate tool with which to explore the role of ocean circulation on oxygen at a reduced com-116 putational cost, which is amenable to our ensemble approach (3 simulations for with V f r ee , the more standard model integration, in which all components of the ocean and 126 climate system freely vary). Because the drift in a simulation with velocities held fixed might 127 be different from the V f r ee control simulation, we also run a V f ixed control simulation (i.e.
128
with atmospheric CO 2 held at 270 ppm and ocean velocities replaced with those from the 129 V f r ee control simulation). All effects of climate change are presented after removing drift,
130
by differencing the appropriate control simulation from the climate change simulations.
131
The O 2 budget is usefully decomposed into a preformed component (O 
Global Integrals
where c p is the heat capacity of water, and T is the sea surface temperature. Because gen utilization rate (OU R) and the average residence time of water in the ocean interior, τ:
To the degree that the net oxygen utilization rate and residence times are independent, the 247 change in each of these parameters in response to warming reveals the leading cause of the recorded with an ideal age tracer, which is a tag that is set to zero in the surface layer and 277 ages at one day per day in the ocean interior. On average, the ocean ideal age increases by 6 278 years in V f r ee and 9 years in V f ixed under a doubling of CO 2 . The increase in ideal age in both simulations is caused by a decline in exchange be- which the ocean circulation is held steady despite a changing climate.
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Another notable result is that circulation changes prevent the globally-averaged pre- 
